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Ultracold Neutrons

Class Energy Source

Fast > 1 MeV Fission reactions / Spallation

Slow eV — keV Moderation
Thermal 0.025 ev Thermal equilibrium

Cold peV — meV Cold moderation
Ultracold | < 300 neV Downscattering

How cold is Ultracold?

e Temperature < 4 mK

e Velocity < 8 m/s

e Usain Bolt ~ 12 m/s

Sensitive to Lab-Accessible Potentials
o Gravitational (V = mgh): 100 neV / meter
« Magnetic (V = —/i- B): 60 neV / Tesla
%8Ni: 335 neV

o Material (V = %;Nb)

DLC: 250 neV
Cu: 170 neV

A
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Ultracold Neutrons Live in Bottles

UCN video

AAAAAAAAAAAAAAAA






LANSCE UCN Facility %

UCN Source!

e 800 MeV protons bombard a tungsten target to create spallation neutrons

e Neutrons are cooled in the polyethylene moderator and downscattered in a solid
deuterium crystal to form UCN

e High densities observed: 50 UCN/cc at shield wall

SD2 VOLUME | FLAPP

+Los Al

1Rev. Sci. Instrum. 84, 013304 (2013)
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UCN Experimental Program




The Standard Model of Particle Physics

Standard Model is complete!

o S b Higps

AAAAAAAAAAAAAAAAAA



The Standard Model of Particle Physics

Standard Model is complete! But. ..

o Why 3 generations?
uj cy.t . e Why so many parameters?
dl s e Why these masses?
e Why left-handed weak interaction?
e What is Dark Matter?

e Why more matter than anti-matter?

o Where is gravity?

» Los Alam:
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The Standard Model of Particle Physics

Standard Model is complete! But. ..

o Why 3 generations?

e Why so many parameters?

e Why these masses?

Why left-handed weak interaction?
e What is Dark Matter?

Why more matter than anti-matter?

di s b Hogs

Where is gravity?

Are there more missing pieces?

No more sure-thing theories!

High Energy frontier (LHC) vs. Precision frontier (beta decay)
High energy: Direct search for heavy particles

Precision: Measure deviations from SM

A
s IB Alamos

NATIONAL LABORATORY

Complementary limits
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The Weak Interaction

Described very well by the Standard Model

Example: (-decay Quark Mixing (CKM)
t P v d’ Vid Vs Vb d
I ¢ _ s’ = Vao Vs Vo s
e b’ Vie Vi Vi b
" ° |Vud|2_|_|Vus|2‘|'|vub|2 =1

udd
n

Nuclear (3-decay exhibits influence from Strong Force

o Left-handed coupling: Vector — AxialVector
o H= S0 [a(y — " s)ve(guy, + 8av,75)d]

o Standard Model: g, =1, ga free parameter A
JI;;AIamos

NATIONAL LABORATORY
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The Neutron Beta Decay Alphabet

Experimental Observables

o Angular correlations polarized decay':
T o PeEe(Bo — E)? [L+alfl + b + (d7) - (AR + BE + DAL )]
o Lifetime:
L= W = K (GrVua)? (1 +3 (%)2> (1+ Ag) fopeEe(Bo — E)? [14 meb 2]
e A,a+ 7 — V, A interactions
e« B, b — S, T (BSM) interactions

Test CKM Unitarity: Extract Vg4

122 A1) _ XA __ constant
* a0 = 1 Ao = 2755w Bo=2750 T = The
¢ A Most sensitive to A = &2

gv
e Th + A — extract CKM matrix element V,q

A

NATIONAL LABORATORY

1Phys. Rev. C 106 517 (1957)
10/43



V.a from Neutron Decay: A,

nuclear neutron nuclear pion
0+—>0+ mirrors
0.003F s 3 3 3
= | 1 1l |lww--
£
‘§ 0002 - - g i
T
@
- [ N
5 oonf 4 . 4 i
_ —T =] IS5 =

- Experiment |:| Radiative correction

\:l Nuclear correction

a, and 7

097
0976
oo

0.072

o Superallowed Fermi 0T — 0 decays: V,4 at 0.02% level®

e From neutron decay, require %‘ ~ 0.1% + 67 ~ 0.355 — V4 at 0.02% level

20151
2010
2005
2000

Year of Publication

1995/
1990
19851

1

0124 -0.122

TN

0.2 0118

UCNA
PERKEO Il
UCNA

PERKEO Il

ILL-TPC

o 3

PNPI
o

PERKEO |

p-Asymmetry A

Ll P,
0116 -0.114 -0.112

Neutron Lifetime [s]

0.1 -0.108

LAnn. Phys. 525 443 (2013)

595} ® Beam = UCN ]
f M:\rgﬁe Yi tal
f Nico etal ue eta
890 Byme etal gt
[ Mampe
L etal Steyer
885~ pp——
etal
880 B e
F Pichimaier
[ Serebrov etal
875 o
L Il 1 1 1 Il
1990 1995 2000 2005 2010 2015

Year of Publication

imos
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UCNA Collaboration

California Institute of Technology

R. Carr, B. W. Fillippone, M. P. Mendenhall, A.
Perez-Galvan, R. Picker, S. Slutsky

Idaho State University
R. Rios, E. Tatar

Indiana University
A. T. Holley, C.-Y. Liu, D. Salvat

Institut Laue-Langevin
P. Geltenbort

Los Alamos National Laboratory

M. Blatnik, T. J. Bowles, L. Broussard, S.
Clayton, S. Currie, G. Hogan, T. M. Ito, M.
Makela, P. McGaughey, J. Mirabal, C. L. Morris,
J. Ramsey, A. Saunders (co-spokesperson), S.
Seestrom, E. Shaw, S. Sjue, W. Sondheim, T.
Womack

Michigan State University
C. Wrede

n

ﬁ]ﬂ

North Carolina State University

E.B. Dees, J. Hoagland, R. Pattie, B. VornDick,
A. Young, B. Zeck

Shanghai Jiao Tong University
J. L Liu

Texas A&M University

D. Melconian

University of California, Los Angelos
K. Hickerson

University of Kentucky
M. Brown, S. Hasan, B. Plaster

University of Winnipeg
J. W. Martin

Virginia Tech
X. Ding, M. L. Pitt, R. B. Vogelaar /,)\
- Los Alam:
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n

UCNA Experiment 24

Detector 1 Detector 2

B field

W(E) < 1+ 2(P)A(E)cost

=N o 1T field: (cosf) = :l:%

e P: limit depolarization

Polarized neutron  Decay electron

spin
flipper

muon
vetoes

UCN
Beamline

" 7.
. 1-Tesla Electron
Spectrometer
il

/Los Alam

NATIONAL LABORATORY
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UCNA Experiment 24

Superconducting solenoidal

magnet (1.0-Telsa) Copper Mwpc »
Detector housing Decay volume { Plastic scintillator
E]
\ P E oSO OO /EIZZIZIX&XIZI P lz/
TS ¢ = T

~ ,//
— =
= /& mzm%,
i 7.0-Tesl,
0.6-Tesla field  Copper Guide |: '] e \ PMT

4 ! Polarizer / Light guide
expansion region Spin fli
/ . pin fipper Be Coated Mylar
Diamond-coated T Fol
quartz tube UCN from
SD2 source

¢ Reduce backscatter: low Z, field expansion

e Plastic Scintillator: 3 energy

¢ MWPC: § position info, suppress backgrounds, backscatter
reconstruction

e Super-ratio: cancel loading/detector efficiencies A
S(E) = N(E){ (N(E), A(E) = 1-+/S(E) !:%%ﬂ'?m'ﬂ,‘;’é

— N(E); (N(B); 1+4/S(E)

14 /43



UCNA Results: 2010 data set fer

A e
2015 = 0.978
E UCNA 9
F RKEO Il b
2010/~ D oo " E UCNA
H E E 0.976
% 2005 3
= PERKEO Il 3 0+—0*
S = 3 3
a 2000 ILL-TPC 3 x5 0.974
5 F = =——o— E|
5 1905 = |
2 PDG 2
1o80F- = 09721 9012 )
1985 PERKEO | 3 | e
C 1 1 1 L L 0.97
0124 0122 0.2 -0.118 -0.116 -0.114 -0.112 -0.11  -0.108
[-Asymmetry A, 1.27 1.275 1.28 1.285
94

e Mendenhall et al. Phys Rev C 87 032501(R) (2013)
e 20M (-decay events
o Ag = 0.11972(55)4:2:(98)sys

» Los Alamos

NATIONAL LABORATORY
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UCNA: 2011-2012 data sets and beyond fors

Improvement of UCNA Systematics (preliminary)

Statistics
Depolarization
Backscatter
Angle effect

Energy
Reconstruction

Total Sys.
Total

+/- 0.46
+0.67 +/- 0.56
+1.36 +/-0.34
-1.21 +/-0.30
+/-0.31

+/-0.82
+/-0.94

+/- 0.40

+0.7 +/- 0.1
+0.56 +/-0.15
-0.8+/-0.2
+/-0.08

+/-0.28
+/-0.5

+/-0.28 Decay rate!
+0.7 +/- 0.1 Shutter+ ex situ
+0.56 +/- 0.15 Thin windows
-0.8 +/-0.1 Windows+APD
+/-0.08 Xenon + LED

+/-0.22
+/-0.35

» Los Alam:

NATIONAL LABORATORY
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UCN7 Collaboration O

DePauw University North Carolina State University

A. Komives C. Cude-Woods, E. B. Dees, B. Vorndick, A. R.
. Young, B. A. Zeck

Hamilton College o o

G. Jones University of California Los Angelos

i i i K. P. Hickerson

Indiana University

E. R. Adamek, N. B. Callahan, W. Fox, C.-Y. Virginia Tech

Liu, D. J. Salvat, B. A. Slaughter, W. M. Snow, X. Ding, B. Vogelaar

K. Solberg, J. Vanderwerp

Tennessee Tech
JINR A. T. Holley
E. I. Sharapov

Los Alamos National Laboratory

D. Barlow, M. Blatnik, L. J. Broussard, S. M.
Clayton, T. M. Ito, M. Makela, J. Medina, D. J.
Morley, C. L. Morris, R. W. Pattie, Jr., J.
Ramsey, A. Saunders, S. J. Seestrom, S. K. L.
Sjue, P. Walstrom, Z. Wang, T. L. Womack A
. I;;Alamos

NATIONAL LABORATORY
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The Neutron Lifetime 7

Beam of cold neutrons
o Count the dying
PHYSICAL REVIEW C 71, 055502 (2005)

«, triton

detectors e
E proton
¥ ‘ur —— detector

deposit
@0 .))E.'.' i—

mirror door open beam
’ (+800V) clecuodcs (ground)

FIG. 2. Experimental method for measuring lifetime by counting
neutrons and trapped protons.

Challenge: neutron flux
measurement

Beam vs. Bottle disagree by 8 s!

Bottle of ultracold neutrons

e Count the survivors

VACUUM VESSEL

NEUTRON

I/Tsloragc = I/Tn + l/Tl()SS

» Los Alamos
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UCNT Experiment

Material Bottles

o Extrapolate wall losses: large corrections!

Magneto-gravitational Trap

o World's largest permanent magnet array
o No material interactions!

o Asymmetric design: phase space mixing —
no quasi-bound orbits

iy w5 1N
ey, g 70

O

Tstomge ()

-
3
o

750

725

% 7y: cold neutrons m—beam
= 7, trapped uitraccld neutrons
© Toomgs - trapped ultracold s

1985 1990 1995 2000 2005 2010

Year of publication

/Los Alam

NATIONAL LABORATORY
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UCNT Experiment

0: Start UCN flow: beam
on, shutter open, trap door
open; cleaner inserted

1: Shutter closes:

2: Fillng and cleaning;
Superbarrier UCNs to
monitor

3: Trap door closes, shutter
opens; beam of; UCNs in
guide fo monitor;cleaning

4 Cloaner retracted;
storage begins

UCN monitor counts

5: Storage

6: Trap door opens; UCNs.
300 intrap to monitor

time [s]

Storage time > 10 hours!

BG subtracted, flux normalized '°B signal

Fill-and-dump Storage Measurement

7-860+19

I

2000 B2

b0 1600 00
storage time [s]

N

ATIONAL LABORATORY
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UCNT Experiment O

Improve precision with in-situ
measurement
o Capture UCNs: ®1V(n,~)52V
o Detect: 2V =52 Cr+ 8+~

e (3 scintillator + Nal ~ detector
assembly

UCN absorbed 10x faster than
drained

V foil absorber height: important
systematic check

< Los Alamos

NATIONAL LABORATORY
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The Weak Interaction Beyond V-A: B and b

What can cause a scalar/tensor 3090
contribution?

Ft(s)

e SUSY, leptoquarks, ...
e Not yet observed at the LHC e ST TS %03 30

Z of daughter

e Need model independent extraction

Current limits on Scalars

e From Superallowed Fermi 07 — 0t
decays!

—1x1073 < Cs/Cy < 3 x 1072 (90% C.L.)
and Tensors

e From 7t — ety (PIBETA)?
—2x1073 < Cr/Ca <2 x 1073 (90% C.L.)

e From combined neutron/nuclear beta decay

data® ‘ ‘ ‘
0< Cr/Ca<4x 1073 (90% C.L.) 025502 0,01 coc 001 002
Gl
V2
1 Phys. Rev. C 79 055502 (2009) + Los Alamos
NATIONAL LABORATORY

2Phys. Rev. Lett. 103 051802 (2009)
3arxiv:1306.2608v2 (2013)



BSM Scalar and Tensors in Neutron Decay

Access via b, B!

dr me— ﬁe'ﬁu — 5:n'ﬁe = 5:n'Pu
. E)(1+ —b E, A(E. B(E.
dE.dQ.d%, x W( e)( + E. + a( e) E.E, + ( e) E. + ( e) E, + )

o B(E) = 208 + Zo(bSM + bESM) + o + a1 g

o \= A1 —2¢eg); cp,1: recoil corrections
o b=

bSM + bBSM
New Physics in bBSM pBSM
o bPM  0.34gses — 5.22g7€eT b = — (#N%>
o b2M ~ 0.44g5es — 4.85g7€r b = - ("%I%)

e Actually measure Beyy = %
e e

Experimental Determinationof B~ " ‘
\

° Bexp < bESM _ pBSM

T 4 RATORY

1 Phys.Rev.D 85, 054512 (2012)
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UCNB Collaboration

Los Alamos National Laboratory

L. Broussard, M. Makela, P. McGaughey, J. Mirabal, C. Morris, J. Ramsey, A.
Saunders, S. Sjue, J. Wang, S. Wilburn, T. Womack

Caltech
C. Feng, B. Filippone

University of California, Los Angelos
K. Hickerson

Indiana University
A. T. Holley, D. J. Salvat, C.-Y. Liu

North Carolina State University
E.B. Dees, J. Hoagland, R. Pattie, B. VornDick, A. Young, B. Zeck

University of Kentucky
M. Brown, S. Hasan, B. Plaster

University of Virginia

A. Bacci, S. Baessler, D. Pocanic

A

NATIONAL LABORATORY

Virginia Tech
D. Bravo, X. Ding, R. B. Vogelaar
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Experimentally Determining B

Classic Approach

e Determine v direction from e, p

o Count NPP = N** (3, p aligned vs.
antialigned with o)

N~ (E) — N**(E)

N e RN )

CEXP(E) =

Neutron Spin

Electron Proton

Neutrino

(NTH(E) = N"*(E)) — (N*~(E) = N""(E))

e %8 =2%:0.1% in 1 month at 10Hz
decay rate
o World average

B =0.9807 + 0.0030(0.3%)

(N++(E) — N=+(E)) + (N*+=(E) — N=—(E))

-CexslE)

" ~B/2

‘ E(MeV)

- Lwo ~udiMOoS
NATIONAL LABORATORY
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Isolating b,

Ratio of asymmetries!

o r= BEEE (r=1at Te =236 keV)
Q-+ — Qit
ap(Ee) = Xo= T NHE
Q4+ + Qi+
2 AB, +B(1—ﬁ>
3 e 3
— r<li
- 2(1+6%¢)
ABe(1-L)+2B
B ( 3r2) 3r r>1

2(1+b%§

ae(Ee) =

e Monte Carlo: N = 108 — probe b, at 3 x 103 level

Combined Fit
° Qii: E., O!e(Ee)y aP(Ee)

e Free parameters: A, b, b,, normalization
e Use es, eT dependence: b = b, + x, x = [—0.0005,0.0003]

Qi — Qi
Qi + Qi
1

< PA.

2(1+b"EL§)

e Monte Carlo: N =10% — X~ 0.09%, b~22x1073, b, ~22x 1073 A
- Los Alam

1B. Plaster, S. K. L. Sjue, A. R. Young, in prep (2014)

NATIONAL LABORATORY
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UCNB Experiment: Overview ~q

Detector Detector

1.0-Tesla superconducting

. Silicon detector
solenoidal magnet

(biasable)
\ s meters L

EIEIXIZIZ&IZIZ%E PIDIIPIIR [

k=
= /ﬂ XN | | EIZIZIZ!Z]ZIBF] X X
l. \
UCN / decay trap J roughened
absorber (diffuse) surfaces
7.0-Tecla
i olarizer /epin-flipper
DLC-coated e e fep PP
Cu tube 7
] - Los Alamos
UCN from NATIGNAL LABORATORY

SD2 source

27 /43



UCNB Experiment

CHALLENGE: Detecting protons

Protons

e max E < 800 eV

e slow timing: 10 us to
1 ms after decay

e Very low energy:
detector deadlayer and
noise important

State of the art Si detectors

and betas in coincidence

Electrons

e max E = 800 keV
o fast timing: 10 ns

e problem: backscattering
— partial energy signal,
direction

e 2 mm thick, 12 cm diameter
active area

e Thin (~ 100 nm) deadlayer
e 128 pixels
e Characterization: Salas-Bacci

NIM A (2014) )
» Los Alam:

NATIONAL LABORATORY
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e Re-entrant into spectrometer
vacuum: detector located at
0.6 T flat region

e Detector-FET assembly in
vacuum, rest of preamp in air

o Full DAQ biased: detector,
preamps, digitizers

o Stable operation at 1 T and -30
kV for ~100 hours

29/43



UCNB: Current Status ~4q

Preamplifiers =
. - 139 Ce

e 8-ch: <15 keV noise w ‘
demonstrated, ~ 3 keV energy £ 127 keV
resolution s ||

e 24-ch: Now 20 ns rise time - » 1607164 keV

g, B BV T

e Successful demonstration with b A"\;;-w-ww;;w_wm"}. p———
B-decay (Fall 2014) — | o
assemble 128 ch model 27 keV (20 keV after E loss)

Neutron beta-decay proton-electron coincidences detected

Run 1974 Event 17160 Board 0 Ch 0

Ty
500 Ly 28KV Bis
f o
1 )
o || electron 4 3 Protons
_ ts
3 a0 | Blkgd o UCH)
2 ) 3 V¥
8 200 \ ° 5
< \ 2
o= | \ proton 2 i \W §
-y R § i | M N
T | il BTkl

d Bl
i i
4 6 8 k] L] L i
Time (seconds) ADC chamel /\

=)
- Los Alam
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UCNB partnership with Nab ~q

(- Segmented
[I \In/D:Si detector
U, (upper HV)
TOF region
(field r,'B,) FET boards
Detector

~am flightpath skipped

magnetic filter
region (field B,)

decay volume
(field 7y B,)

cam
~1m flightpath skipped

Segmerf@d “ © U, (lower HV)
si dcmf@rﬁ-:l
e Planned for Spallation Neutron Source at Oak Ridge National Laboratory

Tt X PeEe(Bo — B [L+ a2l + b2 + (5) - (A +BE + DR )]

o Will measure a (similar sensitivity to A as A) and b (zero in SM)
e No polarized neutron requirement

e Same detector/preamp technology
- Los Alamos

NATIONAL LABORATORY
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New effort to measure nEDM at LANL

Why EDM

time-reversal 1.00E-19
‘ ' # v 1.00E-20
1.00E-21
1.00E-22
1.00E-23
EDM nonzero — T symmetry violation

Matter-antimatter asymmetry? Source of o
CP violation? tooe2s

SM prediction: d, ~ 10732 — 1073 e-cm
Current Limit: d, < 2.9 x 10720 e-cm s
( I L L) 1.00E-27

Constraints on EDM: best constraints on
many BSM models

Institutions:
= ORNL-Harvard
A BNL-MIT
© ORNL-ILL
# ILL-Sussex-RAL

Electro- \ . ® LNPI St Petersburg
magnetic \ &

Weinberg
multi-Higgs

susy

Leftright
symmetric

1950 1960 1970 1980 1990 2000 2010

A
s IB Alam

NATIONAL LABORATORY
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New effort to measure nEDM

Room temperature EDM

Ramsey's separated oscillatory field

method (similar to most precise result

at ILL)

EDM — frequency shift when E-field

reversed
Goal: 8d, ~ 107%" e-cm
ILL result: ~1 UCN/cc

Requirement for improvement: 100
UCN/cc

at LANL ®v

Electrodes

Precession chamber T T

— —

u
-

UCN detector

UCN—>

- L
NATIGNAL LABORATORY
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LANL nEDM UCN Density Improvements ®v

UCN Source

e Improved UCN source transition to guides

e Drive mechanism moved outside UCN
volume

e Improvements to moderator cooling

o Geometry of source near W target

Proton Beam

e High current bursts every 30 s (presently
every 5 s): Limit loss in SD»

NEDM Cell (ILL » 3%

Transport to Experiment pidiert

e Current geometry suboptimal: Improve |
couplings, guide quality -

-,
» Los Alam:

NATIONAL LABORATORY
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Studies of Actinides

. X 235 fission fragments
Typically 2 fragments emitted

™~ =~
o A~100, E~100 MeV, ¥ ~ 10% s
e Range~10 um gl :
c\m’f . “.""’; L

How does fission age material? MessNumber A

o Very energetic, heavy, charged particles e o

o How is energy deposited in material? OB, 80

o Damage to the material? . g%," o

o Near material surface: ejection of matter o ing 00

o Differentiate between theoretical models

Why study nuclear material aging?

o Nuclear fuels
¢ Stockpile stewardship

NAL LABORATORY

o Lifetime of materials in space

35/43



Inducing Fission with Ultracold Neutrons

Experimental evidence

e Many previous measurements of sputtered atoms per fission
« Significant disagreement in yield, distribution!
o Key to differentiating models

New Technique for understanding sputtering

e Induce fission using Ultracold Neutrons
o Excellent control of neutron energy

o Very sensitive probe of fission as
function of depth

LANL: Unique Position for work

o LANSCE: one of world’s brightest sources of UCN
o Expertise in fabrication and analysis of actinide targets ;ﬁ%Alam

NATIONAL LABORATORY
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Predictions for UCN-induced Fission in Uranium

Uncharted energy regime

e 3 orders of magnitude lower than

—— 0 25U(n,tot)

o 238J(n,tot)

ever explored

o Very high theoretical cross section

i)

Cross Section (barn)

g~ =
v

e 300 neV UCN: 2.16 x 10° barn

1072:7 6 ‘5 4 3 2 1
107 10° 10° 10* 10° 10% 107 1 10 1

Neutron Energy (eV)

Control depth of fission event

Range of UCN in uranium (um)

DU NatU SEU LEU HEU VHEU
%**U 02 07 2 5 20 100
200 neV 118 66 312 13 4 0.8
300 neV 144 81 38 17 4.5 0.9
400 neV 191 101 45 20 5 1

A

|
\
|
02

NATIONAL LABORATORY
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First Observations of Fission from UCN

Detection chamber

e Cylindrical ion chamber
238U

e 2.25 cm diameter, 1 mm thick disk
of DU (~ 0.2% 235U)

o Rate: (1.3+0.8) x 107*
fission/UCN

235 U

e 2.2 cm diameter, 1 mm thick disk of
HEU (> 80% 235U)

« Rate: (1.90 % 0.02) x 102
fission/UCN 8

» Los Alamos

NATIONAL LABORATORY

Counts per 100s
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UCN-energy dependence of fission rates

DU sample 235U sample
o Electropolished, 2.25 cm e Thin sample: 30 ug heavily
diameter, 1 mm thick disk oxidized 23U on tape
o Measured fission rate e Measured fission rate increases
decreases with UCN energy as UCN energy increases
x10° i
£ 0.0058~ B
pou b g %
8 0.441 I 5 00056~ }
L 0.42;— % 8_ 0.0054:—
2 oaf @ 0.00521 3
2 £ Prelimi o [
"u_z osef reliminary @ 0005 Preliminary
036 § L 00048~ 4
0.34E | | | | | | | | £ | |
04 06 08 1 12 14 16 18 2 4

. . L L
06 08 1 12 14 16 18 2
Detector Drop Distance (m) Detector Drop Distance (m)

=}



Sputtering from UCN-induced fission

Exposure to Silicon wafer

o 1" diameter, 475 um thick, polished wafer 0

o Exposed to 2.2 cm diameter, 1 mm thick
electropolished DU disk \
N

e 3x107 total UCN in chamber

« 0.18 ug 238U collected on wafer -

o Analyze with scanning probe microscopy

Exposure to Ni cylindrical foil | Uen
e 0.005" Ni foil, 1.15" diameter, 2.835" height
e UCN bottle: Ni material potential ~ 300 neV ]
Rt

« Exposed to DU disk and 30 ug 23°U thin
sample

- Los Alam

NATIONAL LABORATORY
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Sputtering on Nickel foil

Expose to DU disk and HEU film
e Each sample exposed to
~ 108 UCN

e Determine yield from a decay
rate in ion chamber

o Can distinguish a's from 238U,

235 decay

Angular distribution

e Mask vertical sections of foil
e Results from DU foil
e Distribution ~ isotropic

Fission Rate / Angle

0.031

0.028F-
0.027F

0.0261

0.025F
0

0.03
0.029

0.5 T 15 2 25 3 perd
Cylinder Height (in)



UCN Experimental Program v
UCNA

e Expect to announce unblinded result end of this year

UCNB

e This fall: Detector characterization with ~35 pixels
o Next year: Full instrumentation of 128 pixels

UCNT

e Moving to a 1 second accuracy measurement possibly this year

nEDM

e This fall: construct and test HV prototype chamber
o Next year: Install and test new source

Actinide Studies
pal

NATIONAL LABORATORY

o Install new beamline

o Continue detailed fission and sputtering characterizations
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Opportunities for Students at LANL

Student Programs

e Undergraduate summer internships
e Post Baccalaureate programs (one year appointment)
e Post master’'s program (one year appointment)

e Graduate Research Assistants

Postdoctoral Program

e Postdoctoral Research Associates (241 year appointments)
e Director's, Agnew, Metropolis, Intelligence-Community Fellowships

e Distinguished Postdoctoral Fellowships (Oppenheimer, Feynman, Reines, Curie)

Seaborg Institute

e Research in nuclear science, especially actinides

e Nuclear Forensics Undergraduate Summer School

e Seaborg Student Research Fellowships éj

e Seaborg Postdoctoral Fellowship - Los Alamos
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